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AEGIS is a radar-informed, computer-operated, air-defence combat and weapons system, originally developed
by Admiral Wayne E. Meyer, United States Navy in the 1960s, to defend ships at sea from air and missile attack. It
detects threats to the ship, controls the weapons system’s response and manages the engagement of the target. It
has been upgraded nine times and the penultimate version, Baseline 8 has been fitted to the Royal Australian Navy’s
Hobart-class air-warfare destroyers. This paper describes the AEGIS system’s components and traces its evolution
to the present day.
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The issue of air defence has plagued navies for over
a century – from World War I to modern conflicts. It is,
indeed an issue with which the entire HMAS Sydney
family is all too familiar. HMAS Sydney (I) served in the
Great War and was the first RAN warship to engage in
air warfare, being attacked by a German Zeppelin in
1917. Sydney (II) was forced to defend herself from air
threats in World War II in the Mediterranean. Sydney (III)
was itself a proponent of air warfare as one of the RAN’s
few aircraft carriers; and Sydney (IV) was involved in the
First Gulf War, one of the first conflicts of the missile
age.
The ability of the RAN to conduct air warfare has
been tested repeatedly since its inception. The introduction of AEGIS, the world’s most capable air and
missile defence system into the RAN is welcome, as it
makes the RAN’s ability to conduct air warfare much
stronger and is the main system in use in a number of
partner Navies in the region.
AEGIS is both, a combat system and weapons
system. This paper will trace its evolution from its first
iteration, designed in the United States in the 1960s.
Over the ensuing six decades, it has seen multiple
iterations that have allowed it to remain in service. It is
employed now by multiple navies including, for the first
time in the RAN, on board its Hobart-class destroyers.
The history of AEGIS is vast, and is a story that has
shaped the way navies tackle the ever-changing theatre
of air warfare.

age of air warfare began during the Great War, and has
evolved through to modern day conflicts, which involve
threats such as ballistic and hypersonic missiles. HMAS
Sydney (I) became the first RAN vessel to encounter air
power when it was attacked by German Zeppelin L43
during a sweep of the south-east coast of Scotland
during the Great War. Threats from the air greatly
intensified during the World War II, in battles such as
that of Midway and Leyte Gulf among others, where
aircraft launched from aircraft carriers over-the-horizon,
reigned high above fleets of Allied and Axis powers
alike, delivering brutal effect and changing the way warfare was conducted at sea. As technology in the air
advanced through the years, the need to defend against
them increased. The addition of missile technology into
the battle-space, however, required new technology to
defend against an air threat that could no longer be
defeated by organic air assets flown off aircraft carriers,
or anti-aircraft guns capable of defending against a
relatively slow-moving fighter or bomber aircraft. Air warfare quickly found itself in the missile age in the 1960s.
The evolution of the missile age was instigated in
1967 by the firing of a missile from a range of 14 miles
into the Israeli destroyer Eliat, which sank. This led the
United States Navy (USN) to quickly develop a system
for defending against missiles, a threat which until then,
navies had not faced. The solution was the Advanced
Surface-to-Air Missile System (ASMS), later renamed
the AEGIS System in 1968.

Air Attack – an Enduring Problem for Navies
Modern conflicts throughout the world require ships
and assets to defend themselves from air attack. The

Solving the Problem of Air Warfare
Admiral Wayne E. Meyer was a systems engineer in
the USN. He had joined the USN in the late 1940s and
had served both at sea and ashore. He was chosen to
lead the development of the ASMS system, to which he
applied a rigid systems-engineering discipline. Having
begun his naval career learning of the deficiencies in
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weapons performance throughout World War II, he was
determined to ensure the USN would not see this recur.
Admiral Meyer defined the issue that needed to be
solved as: how can a weapon or sensor system detect,
control and engage – i.e., how do you detect the threats
to the ship; how do you control a weapons system’s
response; and how do you engage the threat? Meyer
attacked the issue with a mindset of build a little, test a
little and learn a lot. This mindset is what created
AEGIS, and it is also the mindset that has allowed
AEGIS to grow to become successful. Constant
modernisation of AEGIS allows it to continue to combat
modern threats.
AEGIS was developed on what are known as its
cornerstones of: reaction time; coverage, sufficient fire
power; environmental resistance; and continuous
availability. These cornerstones were, and still are, used
in conjunction with the build a little, test a little and learn
a lot methodology. Each update AEGIS completes to
this day must still build upon one of the cornerstones
laid down by Admiral Meyer.
As AEGIS developed, it required a testing platform.
The AEGIS system, however, did not have a ship that
was designed to carry and use it. Meyer thereby
developed the concept of a ‘superset’, a platform which
would be big enough to support the system as large as
it could be designed at the time. Any subsequent
changes could be ‘designed down’ into the platform
required. Getting Aegis to sea was the priority. The
nuclear-strike cruiser was proposed in the 1970s as the
initial AEGIS warship, the silhouette of which remains
the vessel on the AEGIS badge (Figure 1).

Figure 2: : The Spruance-class destroyer, USS Paul F. Foster
[Source: USS Paul F. Foster Association].

The outcome of the Spruance redesign was the
Ticonderoga-class cruiser, which is still in service today
(Figure 3). The redesign process was not seamless, as
Meyer’s remarkably innovative process [build a little, test
a little, and learn a lot] provided multiple propositions to
Congress, developing each one to eventually create
what we see today as the USS Ticonderoga, which
finally put to sea in 1983 equipped with AEGIS.

Figure 3: USS Ticonderoga (right) next to her inspiration, USS
Spruance (left) [Source: G. Galdorsi, 2012. Defense Media Network].

Figure 1: The AEGIS Shield, with the initial design of the nuclearstrike cruiser [Source: Globalsecurity.org].

The nuclear-strike cruiser proposal was not financially feasible to the Congress of the United States in the
1970s, so none were ever put into service. The
alternative was the already in-service Spruance-class
destroyer, which had been very successful throughout
its operational history. The AEGIS Weapon system
thereby was reconfigured to fit a Spruance-class hull
(Figure 2).
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The AEGIS Weapon System
The AEGIS weapon system (see Figure 4 next page)
is a series of components, each working together to
complete the engagement process. Components of the
system are the:
• command and decision system, which receives
feedback from a SPY 1 radar;
• control system, a function of the command and
decision system; and
• display system, which shows the operator what is
happening.
A fire solution is developed through this process,
which is fed to the command and decision system or the
human operator, which/who uses the information to
shoot. This is then passed to the weapons control
system, which schedules the launcher, the missile, the
fire control system and the SPY radar to home the
missile to the target. When put together, they fulfil the
detect, control and engage process, while the operational readiness test system ensures the process
functions correctly.
This system was designed entirely around the
AEGIS cornerstones and the build a little, test a little and
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The addition of substituted equipment and sensors,
though, do not affect the functionality of AEGIS, provided the weapon system loop is not interfered with and
does not deter from its core capability, which is to
engage air targets such as aircraft or missiles. There are
multiple examples of this in the RAN. One example is
the sonars used by the RAN. These sensors are not
AEGIS sonars; however, they can feed into the AEGIS
combat system to allow RAN warships enhanced
capability for the required mission.

Figure 4: The AEGIS weapons system
[Source: Globalsecurity.org].

learn a lot methodology. Once the decision is made to
shoot, target uplink data is provided to the missile by
SPY. Illumination in the final stages of the engagement
is provided by the fire control system, all of this achieved
in a very-short time, as time is crucial in air defence.
The AEGIS Combat System
As the AEGIS weapon system was developed, so did
the nature of the threat. The ability to defend against
missiles was not all that was required by ships at sea.
Around this issue grew the AEGIS combat system
(Figure 5). This system incorporates a range of
identification systems, sonar systems, electronicwarfare systems and more. All of this sits around the
AEGIS Weapon system to create the AEGIS Combat
System allowing AEGIS to also combat threats from
other realms of warfare.

Figure 5: The AEGIS combat system [Source: globalsecurity.org

In many ways, the AEGIS Combat system is a
‘system of two systems’. It allows for ‘plug and play’, as
various sensors can be substituted for AEGIS sensors.

Modernisation of AEGIS
In 1988, AEGIS was brought into question as a result
of an incident involving an Iranian passenger liner, which
was engaged and shot down by the USS Vincennes.
Despite the tragedy of lives lost, the investigation into
the incident brought to light that AEGIS had functioned
as it was designed, and the incident was caused by
human error in interpreting the information AEGIS
provided. The system had never and still has not ever
claimed to be able to identify what type of aircraft it is
tracking, which was the root cause of the loss of the
Iranian passenger aircraft and the lives on board. Issues
with AEGIS began to show, in particular with its SPY 1A
radar when operating in close proximity to land-based
airfields. Due to the enormous power of SPY, large
amounts of clutter are induced in close proximity to land,
limiting its tracking and targeting fidelity when operating
in the coastal environment, thereby eroding some of the
advantages of the system.
The USS Vincennes incident was not the only issue
that created a case for modernisation. Relevance in
naval warfare relies on modernisation and advancement
of systems and equipment. Unsurprisingly, Admiral
Meyer stated that any modernisation of AEGIS must
relate to the detect, control and engage problem and
service the advancement of at least one of the AEGIS
cornerstones.
As the capability of the air and missile threat grew,
mostly in the ability to travel at much greater speeds,
development of capability to defend against this threat
had to grow as well. This led to the concept of ‘forward
fit, before backward fit’. Forward fit meant that, as technology developed, a new class-design was established,
which allowed new ships to be built and fitted with new
capabilities, while the older ships would be retrofitted in
due course. This meant the best technology at the time
was available to go to sea faster, without having to recall
ships at sea to undergo maintenance and refit.
The most prominent example was the inclusion of
the Mark 41 vertical-launch system (VLS) to new
Ticonderoga-class cruisers, developed to allow a faster
missile reload-time. The Mk 41 VLS, which could be
loaded with various missiles in each of the canisters,
more than halved the response time time of the original
rail-launched missiles, which allowed for better defence
against modern threats with travel speeds of up to
Mach 2.
The overall success of the Ticonderoga-class led the
USN to acquire a smaller, more affordable, class of ship,
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the Arleigh-Burke-class destroyer. Modernisation of
ships and AEGIS continued and was applied through a
series of updates. AEGIS updates, known as baselines,
have continued to develop, starting at Baseline 1
working through to Baseline 9 now in service in the
USN. The same occurred with the Arleigh-Burke platform, but are referred to as flights - better thought of as
a shipbuilding term. As the class aged, there were additional requirements for both combat ability and habitability, leading to new flights of ship design. This created
a wide variety of ships within the class. Arleigh-Burke
Flight II, the first advancement on the original design
first came into service with a Baseline 4 combat system.
Today, we see the Baseline 9, Flight IIIA destroyer being
commissioned into service (Figure 6).

Figure 6: USS Jack H. Lewis, a Flight IIIA Airleigh-Burke-class
destroyer [Source: Keller, J. 2019. Nationalinterest.org]

The Baseline 1 computer technology was very
capable for its time in the 1970s. The computers which
powered it, the UYK-7, were carried in the Apollo Lunar
Module when it landed on the moon. If I were to liken it
to video game technology, it was that of the Asteroids
video game. As civilian technology started to improve as
the age of computers evolved, military-grade computers
fitted to ships improved also, in the form of the UYK-43.
The UYK-43 was a significant upgrade of the UYK-7;
displays were not as clunky and usability improved. By
Baseline 5, the technology could be likened to a
Nintendo Gameboy.
In the early 1990s, missile technology grew again
with the development of the ballistic missile. In 1991, the
combat ability of the ballistic missile was shown when a
SCUD ballistic missile was launched at USN ships
alongside in the Middle East. This missile was tracked
by the USS Mobile Bay, a Baseline 3 cruiser which was
the air-defence unit in the Arabian Gulf. The missile
landed next to USN Ships, US Marines and ammunition
stores. Despite the missile being tracked from launch,
limitations in the AEGIS system meant the Mobile Bay
was unable to engage a ballistic missile. Suddenly,
AEGIS was no longer able to defend against the most
modern threat. The detect, control and engage process
that it was designed for could not be fulfilled. As a result,
United Service 73 (1) March 2022

from 1991 through to 2004, AEGIS ballistic-missile
defence (BMD) was developed. BMD allowed AEGIS to
look into space to protect against ballistic-missile threats
such as the SCUD which attacked USN ships. If the ship
were to conduct BMD, however, it was unable concurrently to conduct traditional missile defence, or airmissile defence (AMD).
Co-operative Engagement Capability
The Gulf War demonstrated the overwhelming
advantage held by the United States over their potential
future adversaries, namely Russia and China. Nations
started to develop missiles, as well as other capabilities,
so as to defeat an AEGIS cruiser in particular. One
example is the development of missiles which flew in
close proximity to the surface, where they could not be
seen or tracked due to the curvature of the earth. This
area below the horizon where targets cannot be tracked
is the radar horizon, which allows missiles to come
much closer without being tracked or engaged, provided
they remain beneath SPY’s radar horizon.
This deficiency led to the creation of co-operativeengagement capability (CEC). CEC passes sensormeasurement data between ships electronically, which
allows a ship or aircraft to pass its own tracking data to
another ship or aircraft to then be engaged. The data
passed from a ship or aircraft to another will enter the
AEGIS weapons loop as if it were coming from its own
SPY. The idea behind CEC was to use the radar, or
another ship or aircraft, to prevent a radar horizon,
allowing low-flying missiles to be tracked at greater
distances and engagements to be conducted in a cooperative manner.(Figure 7).

Figure 7: HMA Ships Hobart, Brisbane and Sydney (V) exercise
together in the Eastern Australian Exercise Area
[Source: Royal Australian Navy Image Gallery, 2020].

AEGIS has continued to grow throughout its lifetime.
The AEGIS combat system that is in service today does
not resemble the AEGIS of 1983 in terms of its technology. Constant baseline upgrades have seen the
computational power grow exponentially, resulting in
essentially an entirely new system. What has remained,
though, is the process to develop it and pieces of its
technology.
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On-board the RAN Hobart-class destroyers, the
AEGIS system fitted is the Baseline 8, a system which
was developed in 2008. Why? This was the technology
that was available upon agreeing to the purchase of this
class of ship. It is possible to upgrade this baseline;
however, doing so requires extensive combat-system
qualification trials, of which Sydney (V) has just
completed its first round off the coast of San Diego,
California. The current system finds us with technology
that can be likened to the Sony PlayStation. Our system
is the same as can be found on the Ticonderoga, only
limited by the lesser number of VLS cells and fire-control
radars on board. This technology is still very capable,
but it leaves us with room to improve, which once
achieved will be dynamic.
Baseline 9 is now available – it was developed in
2012 and incorporates significant technology advancements in the system. This permits both, air-missile
defence and ballistic-missile defence to occur simultaneously. This technology is at sea on board the ArleighBurke Flight IIIA destroyer.
The Hobart-class destroyer is equipped with a range
of different weapons and sensor systems which are all a
part of its AEGIS combat system. They carry the Mark
41 vertical-launch system, which enables carriage of
any missile system in the United States catalogue.
Currently, we carry the SM-2 missile, the Evolved Sea
Sparrow missile designed for point defence, the
Harpoon Block 2 missile providing both land- and shipattack capability and Mark 45 gun for shore bombardment and naval-gunfire support. In addition to the SPY
1D radar, the Hobart-class also carries the SPQ-9B
radar, used for volume search and a much-greater plug
of the radar horizon. The current range of the Hobartclass’ ability to detect and engage is quite large; however, when overlayed onto a battle space, there is room
to improve.
Technology is improving greatly, with multiple companies now designing new technology and upgrading
current technology, which will see the capability of ships
at sea increase significantly. Production is starting on
SPY 6 and SPY 7 radars, both active-phased arrays, as
well as a long-range active-phased array radar being
developed here in Australia - the CEA Systems
CEAFAR radar. It is fitted to the ANZAC-class frigate
and is the first in the world of its type. New technology
will allow for influence over a much-greater battle-space.
The Government recently announced a destroyer
capability-enhancement programme, which will upgrade
the Hobart-class to AEGIS Baseline 9, equipped with an
integrated air- and missile-defence capability, as well as
a strike capability in the form of the Tomahawk Missile,
and the SM-6 missile, which allows for longer-range airdefence and sea-based terminal-ballistic-assault
defence. This capability enhancement comes only three
years after commissioning Sydney (V), the last in her
class. This may seem quick, however that is the nature
of capability acquisition. This enhancement programme
will greatly improve the area of battle-space that the

destroyer is able to influence, which will be much
needed should we find ourselves in a future conflict.
Navies all over the globe, including those of our
adversaries are also developing new technology as
companies continue to develop new capabilities. New
classes of ships in navies of the United States, United
Kingdom, Canada, France and Italy, as well as China,
are all to be equipped with active phased-array radars
and upgraded missile systems of a similar quality to
those that will be fitted to the Hobart-class postenhancement, including the introduction of a Baseline
10 guided-missile destroyer in the United States navy.
Conclusion
Each new acquisition globally will continue to up-theante when it comes to air-warfare and air-missile
defence, changing air warfare exponentially. Each of
these programs however, can trace its origins to the
issue that was identified in the late 1960s, and
approached by Admiral Meyer’s detect-control-engage
and the performance standards of build a little, test a
little and learn a lot. The history of AEGIS is vast and
very interesting, but the story is not finished yet. AEGIS
itself, also will continue to evolve as battle-spaces
evolve, but it will always stay true to the vision of Admiral
Meyer and the cornerstones of AEGIS first developed in
the 1980s.
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